Introduction
As originally described in the 3 rd edition of the Diagnostic and Statistical Manual of Mental Disorders (DSM-III), the somatization disorder (SD) is characterized by a wide variety of somatic symptoms affecting different organ systems. Previous studies define SD as the psychological mechanism whereby psychological distress is expressed in the form of physical symptoms. The most common of these symptoms are abdominal, back, and chest pain; dyspnea; headache; fatigue; cough; nervousness; and dizziness 1, 2 .
The SD, characterized by complaints of unexplained physical symptoms, is commonly present in children and adolescents in both primary and secondary care settings. This disorder significantly impacts children, as well as healthcare resources: such as in adults, there is a wide range of severity and handicaps resulting from SD 3 . In recent decades, there has been a growing awareness of SD in childhood and adolescence in the world, with plentiful evidence explaining the high prevalence of SD in the adolescent population 3, 4 . More specifically, a general teenage population (aged 12-16 years) survey found that SD was present in 11% of girls and 4% of boys 5 . However, in studies from some European countries, the reported prevalence of SD ranged from 0.1% to 0.8% in the general Western population 6, 7 . Furthermore, epidemiological studies of adolescents aged 13-18 years conducted in Oman and the Philippines found higher prevalence rates of SD compared with Western countries 8 .
In a literature review, we also found that younger females from specific ethnocultural groups, with certain family medical histories or who have endured childhood sexual abuse, substance abuse, anxiety and depressive disorders or traumatic events are at an increased risk for adolescent SD 3, 4 . Another study demonstrates SD has a major impact on the functioning and quality of life and can often affect anyone in early life for sustained periods, thereby leading to many years of disease 9 . Costello et al. 10 assert that SD may result in significant social, economic, and health burdens in children and adolescents. As such, to reduce future SD cases, exploring potential SD impact factors -including modifiable ones -, is necessary.
Some studies suggest that young people show early signs before the onset of SD, such as somatization tendencies (ST) 8, 11 . A study by Zhou et al. 12 explains that STs are the tendency to experience and communicate psychologic distress in the form of somatic symptoms -that is, in a somatic tendency mode -, widespread in both our own as in other cultures. As such, STs are not in any sense pathological nor constitutes a medical or psychiatric problem. Some of them are entirely subjective and may represent bodily metaphors with which the patient expresses emotional distresses or conflicts. What patients subjectively perceive as pain or some other somatic discomfort represents the experiential aspect 11 . Other studies indicate that STs put individuals at risk for several adverse outcomes, including furthered SD, chronic pain, long-term sequelae, and a range of other mental health problems such as suicide, anxiety, and depression disorders 8, 13, 14 . Several prior studies report that Korean depressives manifest more STs and fewer feelings of guilt and suicidal ideation when compared with Western patients 12, 15 .
The links between STs and adverse outcomes are thought to reflect early signs of SD overtime. Even so, there is little information about such association. For example, although the links between STs and adverse outcomes have been well documented 13, 14, 15 , no specific prevalence or risk estimates pertaining to adolescent STs are available. Additionally, there is scant research containing empirical investigations of environmental impact factors causing STs. The theoretical work concerning the ST pathological mechanisms is also scarce. In a stark contrast, SD risk factors have been extensively researched. To effectively decrease the risk and prevalence of adolescent SD, we investigated potential ST impact factors using large-scale epidemiological studies to develop effective interventions against STs.
The purpose of this study is to estimate the prevalence of STs in adolescents. In particular, we are interested in evaluating environmental impact factors associated with STs across three eastern Chinese provinces. For this purpose, we designed a multicenter cross-sectional study to discuss the prevalence of STs in adolescent. In addition, we conducted a multicenter case-control study to ascertain the ST environmental impact factors in this population.
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Subjects and methods

Sample size calculation
To calculate sample size, we used the following formula 16 :
Where n = sample size; Z = Z statistic for confidence level; P = expected prevalence or proportion (in proportion of 1; if 50%, p-value = 0.50); and d = precision (in proportion of 1; if 2%, d = 0.02). Multistage sampling methods require a larger sample size to achieve the same precision; therefore, the sample size calculated using the formula above was multiplied by the design effect deff.
Z statistic (Z) 16 : for a 95% confidence level, which is conventional, the Z-value is 1.96. In this study, the investigators present their results with 95% confidence intervals (95%CI) and deff = 3. In addition, considering the loss to follow-up (referring to students who were lost in the follow-up survey), student rejection rate, sampling error, and stratification factors, the final sample size was determined to be 12,960.
Study methods
This research was a multicenter school-based, cross-sectional study. The schools were selected using a random number table and a stratified cluster sampling method, from three School Health Surveillance System (SHSS) centers from three provinces (Anhui, Jiangsu, and Zhejiang) in China; in total, 24 schools were recruited. A sample of 540 students aged 13-18 years was randomly selected at each of the enrolled schools using a random number table and a stratified sampling method. For inclusion, adolescents had to be mainstream students (i.e. have no intellectual disability), aged 13-18 years, and able to converse in Chinese. They were excluded in cases of a reported history of psychosis or neurocognitive deficits, or if they received a secondary mental health service. Further details are available in Figure 1 .
In this study, adolescent STs were assessed in a two-stage appraisal procedure. In the first stage, STs were screened by the somatic subscale of the Brief Symptom Inventory (BSI) 13, 17 . In the second stage, individuals whose responses to the BSI suggested they might have STs were further assessed by three psychiatrists to obtain a final diagnosis. About 60 trained fieldworkers administered 2 questionnaires to subjects who were assessed as presenting STs; face-to-face assessments and investigations were conducted in each of the 3 SHSS centers by the fieldworkers. In addition, 6 trained fieldworkers were present in each of these centers to control the quality of the research process.
We also designed a school-based collaborative case-control study, in which each center used a common protocol and core questionnaire. For each ST case, 2 control individuals matching in age, gender, and residence area were randomly selected from the 3 SHSS centers using a random number table method. Then, 3 or 4 control individuals were randomly selected to compensate for non-response and to ensure balance in the number of cases and control individuals at each center. For consideration, the control individuals had to be mainstream students (i.e. had no intellectual disability or history of psychosis/neurocognitive deficits); have a somatic symptoms score (SSS) < 10; be from the same area and of the same sex and age as the corresponding student in the case group; and be mentally healthy. To ensure the consistency of inclusion and exclusion criteria, all control individuals were assessed by a psychiatrist. Trained fieldworkers evaluated the potential ST impact factors in case and control students using standardized assessment instruments, including the Family Environment Scale (FES), the Chinese Adaptation Scale for Adolescents (CASA), the Student-Teacher Relationship Scale (STRS), the Chinese version of the Peer Relationship Inventory (CPRI), and the Hospital Anxiety and Depression Scale (HADS). Measures and procedure
• Adolescent ST measurement
This study featured a two-stage appraisal procedure to identify adolescent STs. In the first stage, the STs were screened with the BSI somatic subscale 17 , which involved questions about the distress caused by faintness or dizziness, pain in the heart or chest, nausea or upset stomach, trouble breathing, hot or cold spells, numbness or tingling in parts of the body, and weakness in parts of the body within 7 days before the screening. The BSI is a broadly applied self-reporting somatic symptoms scale discussed by Likert as five-point counts 18 , where each symptom was scored 0-4, depending on the distress it caused, yielding a total score of 0-28. The SSS were low (0-9), medium (10) (11) (12) (13) (14) (15) (16) (17) (18) (19) , and high (20) (21) (22) (23) (24) (25) (26) (27) (28) 17 . Sample's internal consistency was 0.84 (Cronbach's alpha).
Individuals whose responses to the BSI suggested they might have STs (i.e. a medium or high SSS [≥ 10]) were further assessed by three psychiatrists (including two chief physicians and a senior attending doctor) to obtain a final diagnosis, as follows. First, aimed at improving the diagnostic consistency and accuracy of the three psychiatrists, they carefully reviewed the SD diagnostic criteria, as well as related studies on STs. Next, the psychiatrists excluded all patients with SD and other mental or personality disorders using the DSM and the Chinese classification of mental disorders. Then, they independently estimated STs in participants using a semi-structured questionnaire including demographic characteristics and somatization personality (SP) traits 19, 20, 21 . To ensure the consistency of the different psychiatrists' assessments, they utilized a mutual evaluation form; therefore, adolescent STs were only confirmed when consistently diagnosed by all three psychiatrists.
During such evaluation, the psychiatrists were primarily responsible for the ST diagnosis and differential diagnosis. The STs were noted if a subject had (a) a medium or high SSS (≥ 10); (b) SP traits (i.e. neuroticism, vulnerability to stress, and histrionic behavior) 19, 20, 21 ; (c) precluding organic diseases, SD, or other mental or personality disorders; (d) no history of psychosis or neurocognitive deficits; and (e) intact intellectual functioning (i.e. an intelligence quotient [IQ] > 70).
• ST independently estimated by psychiatrists
A semi-structured questionnaire with 45 self-reported items (including demographic characteristics and SP traits) was designed to assess the participants' STs. The questionnaire reliability was tested on 72 individuals in Suzhou, Jiangsu, whose STs are not included in this study. Responses were analyzed using Cronbach's alpha, and the results revealed an internal consistency of 0.84 regarding demographic characteristics and of 0.81 in terms of SP traits, suggesting the validity of the designed questionnaire.
• IQ measurement
To assess the participants' IQs, we administered the Chinese revision of the Wechsler Adult Intelligence Scale for adolescents aged 17-18 years and of the Wechsler Intelligence Scale for Children for adolescents aged 13-16 years 22 . The IQ tests were age-standardized with a mean of 100 and a standard deviation of 15 in the general population 23 . Adolescents were individually assessed under the same standardized laboratory conditions, at all ages. In this study, intact intellectual functioning was assessed on a full scale. The fieldworkers were trained with a uniform standard, and all tests were scored by two independent testers.
• Demographic characteristics measurement
A questionnaire was designed for assessing the demographic factors that contribute to STs. Such questionnaire included three main aspects: individual characteristics (gender, age, left-behind adolescents, and somatotype [referring to the overall outlook of the body to convey the totality of morphological features]), family factors (family income, family size, and superstitious beliefs [ranging from psychic powers to beliefs that are not attributable to scientific or religious explanations, such as supernatural, paranormal, or otherwise magical beliefs]), family medical history (i.e. a history of psychosis or neurocognitive diseases), and school characteristics (boarding school, administration model, and class size).
• Social adjustment status measurement
The CASA is comprised of three factors: emotional adaptation (6 items), social adaptation (6 items), and study and life adaptation (5 items) 24 . Related research suggests the CASA has high reliability and validity, with a 0.80 Cronbach's alpha 24, 25 ; hence, it was used as an effective tool to assess adolescents' adaptation to social life. The adolescent adaptation was discussed using a four-point Likert scale for a total score of 17-68 points. In this sample, the internal consistency was 0.88.
• School environment status measurement
Teacher-student relationship: the STRS is a 28-item self-report instrument designed to measure a teacher's perception of their relationship with a given student 26 . The Chinese version of the STRS (STRS-CV) is a version of the scale translated and revised by Qu 27 , based on Pianta's STRS 28 . It includes four domains: intimacy, conflict, support, and satisfaction. Good internal consistency and acceptable test-retest reliability (with Cronbach's alpha of 0.71-0.87) were assessed in the related research 27 . The teacher-student relationship was tested using a five-point Likert scale for a total score of 23-115 points. In this study, the internal consistency was 0.87.
Peer relationship: the CPRI is a 20-item self-report instrument designed to assess an adolescent's peer relationship. The CPRI was revised by Wei et al. 28 based on the 13-item Missouri Peer Relations Inventory 29 , and measures three analytically derived dimensions of peer relations: social maturity, aggression, and independence. The scale has high reliability and validity (with Cronbach's alpha of 0.58-0.86) 28 . Peer relationship was analyzed using a five-point Likert scale for a total score of 20-100 points. In this sample, the internal consistency was 0.86.
• FES measurement
The FES is a 90-item self-report instrument used to measure relationships, personal growth, and system maintenance in the context of one's family environment 30 . The Chinese version of the FES (FES-CV) was amended by Phillips et al. 30 . Previous studies found that 10 subscales of the FES-CV demonstrate moderate to excellent internal consistency (ranging from 0.63-0.75) and acceptable test-retest reliability (0.55-0.92) 31 . The internal consistency of this instrument was 0.85.
• Assessment of anxiety and depression
Anxiety and depression were evaluated using the HADS, which was specifically developed to detect anxiety and depression in patients with somatic conditions 32 . The HADS is divided into an anxiety subscale (HADS-A) and a depression subscale (HADS-D), both of which containing seven items scored 0-3, leading to a possible maximum score of 21. Scores < 8 indicate no clinical distress, scores 8-10 point out possible psychiatric morbidity, and scores ≥ 11 suggest probable pathologic levels of distress 32 . Good internal consistency and acceptable reliability were demonstrated for the Chinese version of the HADS (with Cronbach's alphas of 0.81 for anxiety and 0.83 for depression) 31 . In this sample, the internal consistency was 0.84.
Statistical analysis
All data were entered twice, verified, and de-identified in the EpiData open-source database, version 3.1 (http://www.epidata.dk/). Data were analyzed using R version 3.4.2 (http://www.r-project.org). Missing data imputation was conducted separately for each center, leading to three imputed datasets.
We used descriptive statistics to calculate the frequencies and percentages of the categorical variables as well as the mean ± standard deviation of the normally distributed continuous variables.
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The matched odds ratio (mOR), the adjusted mOR (amOR), and a 95%CI were used to measure the associations between impact factors and adolescent STs.
Univariate analyses were used to separately select all the covariates that were potentially associated with STs, to enter them into multiple regression models at a 0.05 significance level. We used three different analysis methods depending on the number and variety of variables: Independent t-tests were used for continuous variables with a normal distribution; Bartlett's one-factor variance test was used for three or more variables with a normal distribution and variance homogeneity; Pearson's chisquare test was used for categorical independent variables and to identify equilibrium between case and control students.
A conditional multiple logistic regression model was used to evaluate whether the covariates were associated with STs. A subsequent procedure was used to further select the covariates that were associated with ST at a significance level of p > 0.05, for removal, and a significance level of p < 0.05, for reentry. The final model was selected according to the minimum statistics of the Akaike information criterion. Hypothesis testing was conducted using a two-sided test with an alpha value of 0.05 to indicate statistical significance.
Results
Baseline subject characteristics
Refusal and loss-to-follow-up rates were 7.7% (994/12,960) and 4.7% (605/12,960), respectively, in the cross-sectional study. Overall, 11,361 questionnaires were completed at 24 schools. After removing questionnaires with incomplete data in any of the study's dependent variables (n = 208, accounting for 1.8%), 11,153 participants were retained for subsequent analyses.
The overall positive ST rate among the eastern Chinese adolescents was 12.1% (95%CI: 11.5-12.7) at 13.8% (95%CI: 12.9-14.8) for females, and 10.3% (95%CI: 9.5-11.1) for males. The SSS (t = 6.37, p < 0.001) and positive ST rate (chi-square = 33.21, p < 0.001) in females were higher than in males. Remarkably, when comparing adolescents aged 13-18 years, the SSS and positive ST rate for the 18-year-old group were significantly higher than in other age groups (F = 32.84, p < 0.001; chi-square = 16.51, p = 0.006, respectively). In junior high school students (aged 13-15 years), grade 3 (aged 15 years) students' SSS was higher than grade 1 or grade 2 students (F = 24.03, p < 0.001). Adolescents from rural areas had significantly higher SSS (t = 13.91, p < 0.001) and positive ST rates (chi-square = 7.78, p = 0.005) compared with adolescents from urban areas. The remaining two baseline characteristics, including nationality and sampling area, did not significantly relate to the SSS or positive ST rate in adolescents (p > 0.05) ( Table 1) .
Association between environmental impact factors and STs in eastern Chinese adolescents
We enrolled a total of 1,226 ST cases and 2,467 control individuals in our multicenter, case-control study. Refusal and loss-to-follow-up rates were 2% (26/1,300) and 3.7% (48/1,300) in the case group, and 1.8% (47/2,600) and 3.3% (86/2,600) in the control group, respectively. Case and control subjects were matched by age, gender, and residence area (1:2). Statistical differences in baseline characteristics, including age, gender, and nationality, were not found in the multicenter case-control study (p > 0.05). Therefore, this study was balanced. Tables 2 and 3 summarize results of univariate analyses of the association between potential covariates and STs. About 21 of the 37 covariates tested were significantly associated with STs (p < 0.05), being the most significant: (a) demographic characteristics including family income, left-behind adolescents, family medical history, and superstitious beliefs; (b) social adjustment characteristics in terms of emotional adaptation; (c) teacher-student relationships, including intimacy, support, and conflict; (d) peer relationships for social emotion; e) family environment characteristics, including cohesion, conflict, and independence; and (f) psychological factors according to the HADS-A and HADS-D scores. The remaining 16 covariates (including parent education levels and occupations, environmental pollution, class staff, number of family members, social adaptation, study and life adaptation, teacher-student satisfaction, peers' interpersonal interaction and harmony, family expressiveness and organization, family intellectual-cultural orientation, and family activity-recreational orientation) did not significantly relate to ST risk (p > 0.05) ( Tables 2 and 3 ).
To further explore the possible associations between STs and impact factors, a conditional multiple regression analysis was performed, showing that family medical history, HADS-A and HADS-D scores, superstitious beliefs, left-behind adolescents, teacher-student support, family conflict, and family independence and achievement orientation were significantly linked to STs in adolescents ( Table 4 ). The models also indicated that, out of all independent variables, family medical history was the strongest ST impact factor (amOR = 3.02, 95%CI: 1.88-5.76, p < 0.001) ( Table 4) . 
Discussion
The prevalence of ST and SSS in adolescents
This is the first study to investigate and prove the prevalence of STs within a large sample of Chinese adolescents. Adolescent STs may become a serious public health problem in East China. Kihlstrom et al. 33 report that the prevalence of dissociative tendencies in adolescents lies between 10% and 19%; results similar to those of our study. Other results have likewise been found in some studies with depressive and anxiety tendencies 34, 35 . Our results indicate that, for preventing SD, STs and other mental disorders in adolescents, intervention strategies should be implemented. As reported in our study, differences of adolescent gender, age, and dwelling area emerged in the SSS and positive ST rate of teenagers. Adolescent ST seems to affect more females than males, and a similar phenomenon appears in SD rates 36 . The reason for such gender discrepancy might be related to differences in emotional development during adolescence. We found the SSS and positive ST rate in adolescents aged 18 years old (grade 3 senior high school students) were significantly higher than in other age groups. In addition, the SSS of grade 3 junior high school students is higher than grades 1 or 2. Compas et al. 37 suggest that successful adaptation to stress includes the ways in which individuals manage their emotions and think constructively, as well as how they act in social and nonsocial environments so as to alter or decrease stress levels. In contrast, failed adaptation to stress probably results in psychological problems. However, some adolescents aged 15-18 years most likely cannot effectively decrease sources of severe stress featured in this study. Thus, the prevalence of STs is higher in this population. Another reason for the high prevalence of STs might be that there is a serious shortage of mental health education in schools. Evidence exists that, compared with adolescents at other levels of Cad. Saúde Pública 2019; 35(1):e00008418 urbanization, rural adolescents fare worse on many indicators of mental health 38 . Our study also found that adolescents in rural areas had significantly higher SSS and ST prevalence than in urban areas. As before, we suggest sex-specific, age-specific, and area-specific intervention programs should be considered to prevent STs in adolescents.
The environmental impact factors of adolescent STs
To our best knowledge, this is the first study to examine the associations between adolescent STs and a broad range of potential impact factors using a large population sample. In this study, family medical history, HADS-A and HADS-D scores, superstitious beliefs, left-behind adolescents, teacher-student support, family conflict, and family independence and achievement orientation contributed to the STs impact. It is worth noting that family medical history, HADS-A and HADS-D scores, superstitious beliefs, and family conflicts are significantly associated with STs. Our study implicates that bio-genetic, psychological, and family factors are the key impact factors in adolescents with STs. As reported in a recent study, possible genetic and environmental factors contribute to somatic symptoms in children and adolescents 39 ; a result which appears to be consistent with our study. Previous studies also state an association between SD and depression or anxiety disorders 7 . Similarly, exposure to depressive or anxiety symptoms was a risk factor for adolescent STs in our study. Why are depression and anxiety patients more likely to suffer from STs in adolescence? Such results may be due to the fact these patients likely experience more medical testing, days away from home and school, and also family financial burden compared with mentally healthy adolescents who are still in school. Moreover, previous work with patient samples highlights that frequent and recurrent somatic symptoms in children predict a substantially increased risk for emotional distress disorders (such as depression and anxiety) during young adulthood 7 . Therefore, the relationship between SD and depression or anxiety disorders are that of a psychiatric comorbidity.
Studies confirm that religious beliefs were found to significantly impact mental health 5 . For instance, negative approaches to superstitious beliefs appear to be positively associated with anxiety disorders, as reported by James & Wells 40 . This study shows that a significant association is found between STs and superstitious beliefs and, therefore, the existence of superstitious beliefs among adolescents should be emphasized as a high-risk ST indicator. As a result, Education and mental health professionals should observe high-risk adolescents with superstitious beliefs.
Our findings also indicate that left-behind adolescents are associated with STs. Parental migration may result in left-behind adolescents who are raised by other family members, such as grandparents 41 . Any subsequent differences between parents and other caretakers in terms of family roles, education levels, and lifestyles may contribute to an unfavorable environment for the adolescents' psychological development 41 .
In our study, teacher-student support is associated with a decreased risk of adolescent STs. Teacher support may be especially important for student engagement in school when adolescents are coping with stressful life events and their independent coping skills are developing 42 . A secure relationship with a teacher may serve as a resource that permits young students to cope more effectively with novel academic and social demands. For example, Wang et al. 43 report that, among adolescents, emotional security with a teacher attenuates stress reactivity to negative events in the classroom. Other studies also show that the quality of teacher-student relationships in school has implications for the adolescents' future academic, social, and behavioral outcomes 41 .
We found that interpersonal relationships in families of ST adolescents are characterized by more conflicts and less independence in comparison with families of non-ST adolescents; a negative family climate, for instance, may also affect the maintenance of mental disorders 44 . This is most likely due to the complex and reciprocal influences of the overall family environment on the mental health development of adolescents. Conversely, a positive family climate may provide a "safe haven" for high-risk adolescents, support healthy development and optimal learning and living, and discourage the maladaptive behavior. Sheeber et al. 45 assert that a stable family circumstance can play a key role in promoting the psychological health of adolescents. A related study suggests that family conflict has unique and direct associations with the emotional health of adolescents 46 . It is well known that favorable family growth environments are conducive to adolescent mental health; hence, this study suggests that family achievement orientation is helpful in reducing adolescent STs. Given our and others' studies, we believe mental therapies and family interventions are key to addressing the high ST prevalence among adolescents.
Most notably, our study suggests that family medical history is the strongest impact factor of adolescent STs. Early data found a highly significant association between family medical history and somatoform symptoms in children and adolescents 47 ; the World Health Organization also proved that each parent disorder examined, with the exception of suicide, was associated with an increased risk of offspring mental disorders 48 . Both of these sources are consistent with our findings.
Although the causes of both SD and STs are not very clear, the genetic transmission of mental disorders (meaning family medical history as an independent ST impact factor) is a likely mechanism. Whatever the pathogenesis of STs may be, a word of caution is justified given their adverse outcomes. As such, we suggest that early diagnosis and treatment of mental disorders in family members may effectively reduce the risk of adolescent STs and disease burdens, as well as supportive intervention for existing STs.
Limitations
Several limitations of this study shall be considered. Firstly, some of the data in our study were self-reported and, possibly, underreported; however, the confidential nature of our questionnaire may have significantly decreased underreporting. Second, because there is no standard approach for measuring STs, misclassification of some outcomes may have resulted in the underestimation of the associations between STs and impact factors; such underestimation may have been reduced by integrating both subjective and objective methods to measure ST. Additionally, only adolescents attending school were sampled; out-of-school adolescents were not included in this study. Thus, some caution should be exercised when generalizing the results from this study population to the entire adolescent population in China. 
